Abstract Despite the considerable expansion in the number and extent of marine protected areas during the past century, coverage remains limited amid concerns that many marine protected areas are failing to meet their objectives. New estimates of global marine protected area, based on the database maintained by Sea Around Us, revealed a degree of progress towards protecting at least % of the global ocean by . It is estimated that . , marine protected areas, covering c. .% ( million km  ) of the oceans, had been designated by the end of . However, protection is generally weak, with c. one-sixth (. million km  ) of the combined area designated as no-take areas (i.e. fishing and other extractive activities are prohibited). Additional large tracts of ocean will need to be protected to reach the % target, and we investigate hypothetical scenarios for such expansion. Such scenarios offer a one-dimensional measure of progress as they do not address aspects of other global targets, such as Aichi Target , which will help to ensure that marine protected areas meet their objectives and achieve conservation outcomes.
Introduction

M
arine protected areas are one of many tools for protecting the marine environment, and a number of international targets have been set to encourage their establishment. In , Parties to the Convention on Biological Diversity adopted the Aichi Targets, Target  of which commits participating countries to conserving at least % of coastal and marine areas by  'through effectively and equitably managed, ecologically representative and well-connected systems of protected areas and other effective area-based conservation measures. . .integrated into the wider landscapes and seascapes' (CBD, ). More recently, participants at the  World Parks Congress recommended that % of the ocean be protected from extractive activities (IUCN, ), an ambitious but nonbinding conservation target reinforcing the earlier recommendation of the  World Parks Congress for -% of the oceans to be no-take areas (IUCN, ).
Overall, progress towards meeting international targets has been slow and targets have not been met (Wood et al., ; Toropova et al., ; Wood, ; Veitch et al., ) . Since the mid s there has been a dramatic increase in the protection of large areas of ocean, which could influence trends in the growth of protected areas. In  New Caledonia declared the ,, km  Natural Park of the Coral Sea, and the USA expanded the Pacific Remote Islands Marine National Monument from , to ,, km  . The previous year Australia established the , km  Coral Sea Commonwealth Marine Reserve, and South Africa legally designated the Prince Edward Islands Marine Protected Area, adding , km  to global coverage. Other large marine protected areas are in the planning stages and are due to be designated in the near future ( Table ) . A comprehensive assessment of marine protected area coverage shows an increase to .% of the global ocean in  (Spalding et al., ), from .% in  (Wood et al., ) . The area of protected ocean within Exclusive Economic Zones increased from .% (Wood et al., ) to .% (Spalding et al., ) during -. However, significant expansion in marine protected area is required to reach the % coverage target of the Convention on Biological Diversity by .
The utility of global percentage targets has been questioned (e.g. Margules & Pressey, ; Agardy et al., ; Wood, ; De Santo, ). Although designation of marine protected areas is not sufficient to ensure effective conservation, it is a first step, and protected area extent is a simple, comprehensible and quantifiable metric that has been chosen by the international community to encourage conservation action. The objectives of this research are to investigate the extent of designated marine protected areas by providing an updated estimate of global marine protected area, both total and no-take, and assessing the feasibility of protecting % of global marine areas by .
Methods
The methods used are largely based on those of Wood et al. () .
Database
The global database of marine protected areas originally developed by Wood et al. () and maintained by Sea Around Us () was updated and expanded using a variety of data sources, including national inventories, other protected area databases, legislation, management plans, peer-reviewed and grey literature, and direct communication with local experts. Some  sites were deleted as non-qualifying marine protected areas (based on their not conforming to the two widely accepted definitions of marine protected areas below), .  site details were updated and . , records were added.
The criterion originally used for inclusion of marine protected areas in the database (Wood et al., ) was based on the  IUCN definition: 'Any area of intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and cultural features, which has been reserved by law or other effective means to protect part or all of the enclosed environment' (Kelleher, ) . This has since been superseded by a new definition: 'A clearly defined geographical space, recognized, dedicated and managed, through legal or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural values' (Dudley, ) . This definition does not refer to the marine environment specifically. Whereas the updated definition was relied upon to differentiate between protected areas and areas declared for extractive uses (Dudley, ) , the  definition specifies the criterion for a marine rather than a terrestrial protected area. As per Wood et al. () , this definition was applied by reviewing whether the legal boundary of a site extended seawards of the mean high-water mark. Other criteria for inclusion in the database are outlined in Wood et al. () .
Marine protected area coverage
Global marine protected area was estimated based on all marine protected areas in the database up to the end of , with the addition of the two large areas of ocean, each .  million km  , protected during . These are New Caledonia's Natural Park of the Coral Sea and the expanded area of the U.S. Pacific Remote Islands Marine National Monument, both established within Exclusive Economic Zones. Although the database does not include all marine protected areas established up to the end of , ensuring inclusion of the largest ones was a priority as these represent a disproportionately large percentage of global coverage. Given the lack of spatial data for many marine protected areas in the database, coverage was calculated by summing their marine areas, with the exception of marine protected areas in Australia, the USA and the UK, which are known to have significant overlapping areas and have comprehensive spatial data available. UNESCO World Heritage sites, UNESCO Man and the Biosphere reserves, and Ramsar sites (wetlands of international importance) were excluded because of their near-complete overlap with nationally designated sites. This decision is in line with other global studies of marine protected areas (e.g. Wood et al., ; Toropova et al., ) . When the marine area was unknown, the total area was prorated according to the median proportion of marine area (relative to total area) for those marine protected areas for which this quantity was known in that country. Thus it was assumed that marine protected areas within a country were similar in terms of their marine and terrestrial proportions. Marine protected areas for which there was no areal information (c. %) were excluded from coverage statistics.
For Australia, the USA and the UK, all of which have large areas of overlapping marine protected area designations, alternative sources of comprehensive spatial information were used. For Australia,  spatial data were downloaded from the Collaborative Australian Protected Areas Database and used without amendment. For the USA, spatial data current as of March  were accessed from the National Oceanic and Atmospheric Administration's marine protected area inventory, and the following amendments were made to the dataset: () protected areas in the Great Lakes were excluded, and () temporally dynamic sites and those with sustainable production as their primary conservation focus were excluded as they do not fulfil the IUCN definition of a protected area, which stipulates that protected areas should be designated for the long term and have the primary objective of nature conservation (Day et al., ; NOAA, ) . However, some U.S. sites that do not fulfil the IUCN definition remain in the database (i.e. fisheries management areas that offer limited protection). To calculate total marine protected area and its annual increase for Australia and the USA, all overlapping areas were removed using the Symmetrical Difference tool in ArcGIS v. . (ESRI, Redlands, USA) to avoid doublecounting. For the UK, data for annual, cumulative marine protected area coverage were taken from the UK Biodiversity Indicators in Your Pocket  report (indicator C) current to June  (Defra & JNCC, ). Although there was probably some overlap of marine protected areas in other countries, this was considered to be negligible relative to the total marine protected area.
No-take coverage
No-take marine protected areas or zones were considered to be 'marine areas in which the extraction of living and non-living resources is permanently prohibited, except as necessary for monitoring or research to evaluate effectiveness' (Jones, ). However, for most countries the definition used by national data sources for no-take coverage was relied upon, which potentially introduced inconsistencies with regard to this definition; for example, Papahānaumokuākea Marine National Monument is listed as a no-take area by the National Oceanic and Atmospheric Administration, although it allows some subsistence fishing by permit (NOAA, ).
For the USA and Australia the total no-take area was calculated using spatial datasets (as above) and their associated metadata. For the USA all marine protected areas designated as no take, no access and no impact in the National Oceanic and Atmospheric Administration's marine protected area inventory were included in calculations of no-take area. This criterion provides an approximate delineation between no-take and other marine protected areas as it includes some areas that allow limited extractive uses and excludes others with zoned no-take areas.
For Australia, IUCN management categories Ia, Ib and II were used as a proxy for the presence of no-take regulations. Although IUCN management categories have generally been applied inconsistently, Australia has implemented a national initiative to align its protected area designations with the IUCN management categories. Again, however, this does not provide a clear criterion. Although categories Ia, Ib and II are considered to be largely incompatible with extractive uses (except some traditional use in Ib and II protected areas), in practice IUCN management categories are applied according to management objectives, not management actions (Day et al., ) ; thus, there may be inconsistencies regarding allowable activities (Fitzsimons, ) . Despite this uncertainty, using the IUCN management categories as a proxy for no-take area in Australia was considered the most suitable option. The only amendment was to exclude the  Commonwealth marine protected areas (including the Coral Sea Marine Reserve, approximately half of which would have been no-take) from no-take area calculations, as the management plans for these sites have been scrapped and will be redrafted (MPA News, , a).
Information on no-take area was available for most marine protected areas (c. %). An additional % of marine protected areas were known to be partly no-take, although the exact no-take area was unknown. The total marine area of these marine protected areas was prorated using the median proportion of no-take area (relative to total marine area) for those marine protected areas for which this quantity was known. Thus it was assumed that marine protected areas with some no-take area were similar in terms of the proportion of their area designated as no take. Marine protected areas for which there was no information about the extent of their no-take area were excluded from calculations of no-take coverage. Although the expanded Pacific Remote Islands Marine National Monument has been widely described as a no-take area, technically it is not, as some recreational fishing is allowed.
Increase in marine protected area coverage
Year of marine protected area designation was used to calculate cumulative marine protected area over time since . These data were available for c. % of marine protected areas, representing c. % of the total global coverage. Where inconsistencies between original year of designation and the area declared were known, this information was updated to reflect increases in coverage as accurately as possible. For example, the waters surrounding the Galapagos Islands were first protected in  as a Marine Resource Reserve Area, and although there have been subsequent changes in designation type (Jones, ) , in this analysis the area was considered protected from  onwards. However, the no-take areas were zoned during , and therefore those areas were considered as designated during that year.
In accordance with the methods of Wood et al. () the remaining protected area (c. % of global coverage without information on year of designation) was distributed across all years from  to  according to the proportion of the total marine protected area designated in each year.
Proposed marine protected areas
Additional large marine protected areas have been proposed and may be designated in the next few years ( Table ) . Online resources and communication with experts were used to estimate the likely size of these areas, many of which are proposed to cover entire Exclusive Economic Zones. The areas used in this research do not represent the final sizes of these marine protected areas, which are still in the consultation and planning stages, but rather a possible scenario for a future increase in marine protected area coverage. If designated, not all of the proposed marine protected areas will add to quantitative measures of global coverage, as some of these areas are already designated but with less strict protection levels than will be facilitated by the proposed designations. Thus before incorporating these areas into projections for possible future increases in marine protected area, the area already designated (up to the end of ) within each one's proposed limits was subtracted from the estimated area. The combined area of the proposed marine protected areas (Table ) was distributed evenly across years from  to  to represent a hypothetical scenario for future marine protected area expansion. Linear regression of the logged hypothetical increase in cumulative global protected area from  to  (based on the proposed marine protected areas) was used to estimate a hypothetical annual growth rate.
Other possible future scenarios for increased marine protected area coverage were considered for the Sargasso Sea (Laffoley et al., ), the Arctic high seas and the global high seas (Sumaila et al., , ), as well as a scenario treating the Southern Ocean area managed by the Commission for the Conservation of Antarctic Marine Living Resources as a marine protected area.
Results
Global network of marine protected areas
According to the Sea Around Us database , marine protected areas covering c. . million km  were designated by the end of . This represents .% of the world's oceans.
Of that global protected area, % is within no-take areas, covering . million km  , or .% of the global ocean. Of the ocean area within Exclusive Economic Zones % (c. . million km  ) is designated as protected. In the high seas c. . million km  (.% of the high seas area) is protected.
The mean and median sizes of marine protected areas globally are c. , and . km  , respectively. The substantial difference between the two is attributable to the existence of a small number of very large marine protected areas, which dominate areal statistics. Whereas the smallest marine protected area covers a fraction of a hectare (, . km  ), the largest extends across .  million km  .
Inclusion of the two .  million km  areas protected within Exclusive Economic Zones (in New Caledonia and the USA) during  increases the total area of global ocean protected to c. . million km  (.%) and almost % (c. . million km  ) of the ocean that is within Exclusive Economic Zones. Given that other marine protected areas were established during  it is likely that the true area of ocean protected is . % of the total within Exclusive Economic Zones. The combined area of the  marine protected areas that are . , km  (including those designated during )
is . . million km  , representing % of global marine protected area. Thirteen of these were designated after .
Attainment of global coverage targets
Cumulative global marine protected area increased steadily but slowly from the mid s to , apart from a few sharp increases when large areas were designated. This overall trend is similar to that described in Wood et al. () . Almost all marine protected areas have been designated within Exclusive Economic Zones. A few have been declared in the high seas but they represent a small fraction of the total global marine protected area, only .% (c. , km  ).
Thus, the annual rate of increase in cumulative protected area within Exclusive Economic Zones is virtually indistinguishable from the rate of increase of global marine protected area. 
Progress on marine protection targets
Figs a and b exhibit different trends; the discrepancy is attributable primarily to the addition of several large U.S. marine protected areas to the current database. These were established prior to  but had not previously been considered to be marine protected areas. As permanent fisheries management measures established with the primary aim of protecting natural heritage, their inclusion in a marine protected area database is debatable (Spalding et al., ) .
Fig. b also presents a possible scenario for a future increase in marine protected area coverage during -, based on the proposed establishment of nine large marine protected areas within Exclusive Economic Zones ( Table ) . If all of these marine protected areas were designated, protected area coverage within Exclusive Economic Zones would increase from . to . million km  , exceeding % coverage within areas under national jurisdiction and attaining protection of c. .% of global ocean. A regression calculated for this time period yields an estimate of .% annual increase (r  = .). Figs c-e show how the addition of hypothetical marine protected areas would influence such estimates of global marine protected area and progress towards the % target.
Discussion
The designation of a marine protected area is one step towards effective protection but it alone is insufficient for conservation outcomes. Nonetheless, designated marine protected area provides a simple metric that is communicable and quantifiable, and it has thus been chosen by the international community as an indicator of conservation progress.
Our results show an improvement in progress towards meeting the % coverage aspect of Aichi Target . Since the results of Wood et al. () were presented, cumulative global marine protected area has increased fivefold, from . million km  in  to . million km  in .
During  this increased to . . million km  . This progress is attributable to the establishment of new marine protected areas (a few large sites in particular) and the inclusion of marine protected areas that were previously uncounted. Our results for total protected area for  are similar to the cumulative coverage estimates of Spalding et al. (), which are based on data from the World Database of Protected Areas (ProtectedPlanet, ) up to , although larger (. vs . million km  ) because of the inclusion of extensive Australian marine protected areas designated during November  and the U.S. fisheries management areas already mentioned.
The results also suggest a concomitant increase in designated no-take area during the same time period, from .% (Wood et al., ) to .% of the global ocean in . This no-take coverage represents approximately one-sixth of the area within marine protected areas (. million km  ) in , approximately one-third of which comprises a single marine protected area, the Chagos Marine Reserve. Although this increase represents a likely improvement in no-take coverage, it is not known to what extent these marine protected areas are managed and enforced as no-take areas. The increase in marine protected area coverage is largely a result of the establishment of a small number of large marine protected areas, which tend to dominate areal statistics. Additional large marine protected areas are proposed for designation in the coming years ( Table ) . As of June  the British government had allocated budget for the Pitcairn marine protected area. If designated, the proposed sites (Table ) , all located within Exclusive Economic Zones, would add c. . million km  to the . million km  already protected globally. Distributing this area evenly across years from  to  equates to a growth rate of c. .% annually, which is similar to the rate of .% calculated by Wood et al. () for -. The addition of the Pitcairn marine protected area to estimates of global no-take coverage would increase the area protected from extractive activities from . million km  (in ) to . million km  .
Toonen et al. ()
reported an annual rate of increase in marine protected area of .% during -, which is significantly slower than the rates calculated here for proposed increase in marine protected areas during - and those calculated by Wood et al. () for -. Nonetheless, Toonen et al. () predicted that protection of % of the global ocean could be achieved by . This is earlier than calculated here and discordant with the slower growth rate they reported.
Taking into account marine protected areas established since  it is likely that % of areas under national jurisdiction are already protected. Yet protecting % of the global ocean remains out of reach. Assuming an annual growth rate of .% could be maintained beyond  (Fig. b) , the % global protection target would be reached c. . Thus although recent expansion in marine protected area has drawn the date of attainment closer compared to the  prediction of Wood et al. () , it is still unlikely to be realized before . What is striking is the extent to which marine protected area needs to expand to accommodate such a target. Furthermore, how long the current growth rate can be sustained remains to be seen; we might expect to see a declining trend in the rate of marine protected area establishment as marine areas residual to extractive uses and not already protected become rarer (Mora & Sale, ; Devillers et al., ) . The hypothetical future scenarios presented in Figs c and d suggest that vast areas of ocean will need to be protected to advance substantially towards % global coverage.
Up to mid  the largest marine protected area established was the ,, km  South Georgia and South Sandwich Islands marine protected area. Yet even with the establishment of a marine protected area in the Sargasso Sea, which could be almost four times that size, in addition to the nine proposed marine protected areas within Exclusive Economic Zones ( (Day et al., ) , and therefore its inclusion in the global marine protected area network would not mean any changes to its management, or improved protection for the marine environment. Closing the high seas to fishing would protect c. % of the global ocean area (Fig. ) and is predicted to yield environmental, economic and social benefits (Sumaila et al., ).
It is clear that the designation of a few large marine protected areas has had a significant impact on the quantitative extent of marine protected areas globally but concerns have been raised about potential negative implications of their designation over the longer term (e.g. Agardy et al., ; De Santo, ; OpenChannels, ). There is apprehension that they could amount to no more than paper parks, offering little, if any, protection in reality. Some scientists argue that the resource-limited nature of protected area implementation means we need to consider where the balance should fall between protection of remote, uncontested, intact areas and non-remote, exploited, imminently threatened locations, although this question has no immediate, science-based resolution. To others (Singleton & Roberts, ; Wilhelm et al., ) it seems logical that all types of protection are necessary and we should not have to choose. Singleton & Roberts () argue that debate about the best type of marine protected area clouds the primary message that needs to reach the public and policy-makers: the ocean needs greater protection than it receives now. Despite differences in opinion, a key principle can be agreed upon: siting and design of protected areas should prioritize ecological goals over political ones (Craigie et al., ; McCauley et al., ) .
Inevitably there are limitations to consider when interpreting the findings presented here. These limitations relate to the reliability of the data and the simplicity of marine protected area as a metric for biodiversity conservation. The quality of the global marine protected area dataset used here, and all large-scale protected area datasets, is influenced by the dynamic nature of protected areas (which are being designated and degazetted on an ongoing basis), ambiguity concerning inclusion and exclusion criteria, and the consistency and completeness of national and other data sources. It could be argued that some areas included in these calculations should have been excluded, and vice versa. The issue of what should be counted when quantifying marine protected area has been debated and there have been efforts by the IUCN to clarify the criteria (Dudley, ; Day et al., ; Eddy, ; Spalding et al., ). Aichi Target  also lacks a clear definition of 'other effective area-based conservation measures' (Woodley et al., ) in addition to protected areas. This term is open to interpretation; for these areas to contribute effectively to measures of conservation progress a definition needs to be developed that does not dilute the intentions of the target.
Regarding the second limitation, marine protected area coverage is a simplified indicator of conservation success, which tells us little, if anything, about conservation outcomes (Gaston et al., ) . Coverage statistics hide shortcomings but also successes, such as heightened protection levels for marine protected areas that are already designated. At the Kermadec Islands, for example, a benthic protection area designated in  covers the entire Exclusive Economic Zone but does not protect the water column (Eddy, ). There are plans to strengthen the level of protection to a notake area (Table ; the area up to  nautical miles ( km) from the coastline is already designated as no-take), although this would not affect estimates of global marine protected area coverage.
To understand and gauge fully the effectiveness of marine protected areas on a global scale we need to look beyond the number of square kilometres protected and provide an alternative metric for conservation success (Singleton & Roberts, ). Developing and refining methods for assessing additional aspects of marine protected area implementation (protection level, management activities and conservation outcomes) will contribute to understanding global progress towards meeting international targets, but more importantly to understanding the role of marine protected areas in conserving biodiversity. As we make progress towards meeting the target of % coverage and look towards % no-take coverage these methods will provide a way to advance beyond quantitative goals and ensure the additional stipulations of Aichi Target  are met, so that what has been designated contributes to successful conservation outcomes.
